Background: There are few prospective studies of outcomes following surgery in rural district hospitals in sub-Saharan Africa. This study aimed to estimate the prevalence and predictors of surgical-site infection (SSI) following caesarean section at Kirehe District Hospital in rural Rwanda.
Introduction
Surgical-site infections (SSIs) are an important global public health problem, disproportionately affecting lowand middle-income countries (LMICs), where the burden is 75 per cent higher than in developed countries 1 . Globally, SSIs lead to longer hospital stays and more health complications, increasing mortality risks and costs for patients, families and healthcare facilities 1 -5 . Lower (uterine) segment caesarean section (LSCS) is the most commonly performed surgical procedure in the world 6 . The rates of LSCS have increased over the past three decades, up to an average of 19⋅1 per cent of deliveries worldwide 7 . Although sub-Saharan Africa has the lowest rates of LSCS at 7⋅3 per cent of all deliveries, increased access to LSCS has contributed to a decline in maternal mortality in the region 7, 8 .
However, the increased access to LSCS has also led to an increased number of SSIs 9 . In sub-Saharan Africa, the prevalence of SSI after LSCS ranges from 7 to 48 per cent 10 -14 , and is associated with younger age, obesity, hyperthermia on admission, difficult delivery, premature rupture of the membranes, neonatal death, prolonged labour and long duration of LSCS 13 -17 . The majority of these studies were from urban and/or tertiary facilities, and there is limited information on SSI prevalence and risks for women delivering in district hospitals serving the rural areas, where 72⋅4 per cent of the sub-Saharan African population resides 18 .
In Rwanda, 13 per cent of all women and 11 per cent of women residing in rural areas deliver their baby via LSCS 19 ; LSCS is the most commonly performed surgical procedure in Rwandan district hospitals 20 . This study estimated the prevalence of SSI on postoperative day (POD) 10 and identified risk factors for these infections for women who underwent LSCS at Kirehe District Hospital (KDH) in rural Rwanda. The aim was to characterize the burden of SSI to patients and district hospitals, and to identify which patients are most at risk, in order to target future interventions.
Methods
All women provided informed consent before study enrolment. Study data were entered directly into a research electronic data capture database (REDCap; https:// www.project-redcap.org/) 21 19 .
In Kirehe District, and in other parts of rural Rwanda, a woman presents first to her nearest health centre for assessment and management. If a nurse or midwife there identifies an urgent problem, the woman is referred to the district hospital. For a limited number of women who are identified as having a high-risk pregnancy, they present directly to the district hospital to be attended by a GP. Once at the district hospital, a midwife monitors the woman's progress, and if needed, calls a GP who may recommend an LSCS for delivery.
Surgical technique
In accordance with hospital protocols, the woman's skin is prepared with aqueous-based 10 per cent chlorhexidine gluconate followed by 10 per cent povidone-iodine solution before incision. The 2016 WHO guidelines 23 for the prevention of SSIs recommend administration of preoperative antibiotics within 120 min before skin incision and no postoperative antibiotics, except in the case of an infection. The previous 2015 WHO recommendations 24 were to administer preoperative antibiotics 30-60 min before incision with no postoperative antibiotics, which were still the guidelines of the Rwandan gynaecology and obstetrics clinic. Although women undergoing LSCS at KDH receive preoperative antibiotic prophylaxis, typically a single dose of 1 g ceftriaxone within 1 h before incision, almost all receive postoperative antibiotics 25 . Braided absorbable sutures, usually Vicryl ® (Ethicon, Somerville, New Jersey, USA), are used to suture subcutaneous tissue and for skin closure. A gauze soaked with povidone-iodine is used for dressing and is replaced on POD 3. After LSCS, the woman is admitted to the postpartum ward for at least 3 days for monitoring and postoperative care. A GP attends daily to assess the woman's healing and decides when she is fit to be discharged. A GP then fills out a discharge form with a brief note on the patient's follow-up plan and, in some instances, prescribes medications (mostly pain medication and/or antibiotics). A midwife gives additional instructions about wound care, neonatal care, medications and follow-up. A follow-up date is then scheduled for the patient's wound dressing change at her nearest health centre.
Study population and data collection
All women 18 years and older who underwent LSCS at KDH between 22 March and 18 October 2017 were eligible for the study. Patients from Mahama Refugee
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Camp were excluded because guidelines regulating refugees' movements hinder their ability to be followed after discharge. After LSCS and during hospitalization, study team members consented and enrolled eligible women to participate in the study. At the time of enrolment, a trained study data collector interviewed patients, collecting basic information on demographics and clinical history. After discharge, data collectors extracted clinical details from patients' files.
Patients were screened on POD 10 (± 3 days) by a GP for the presence of an SSI. This window was selected because the majority of SSIs develop between POD 5 and 10 26 . Furthermore, timely identification of SSI is crucial for minimizing morbidity and mortality. Two study clinics were held each week. Patients were assigned to the first study clinic that fell within the POD-7-13 screening window. Patients still in hospital on the scheduled clinic date were assessed for SSI at the bedside. A woman discharged before her scheduled clinic date was given a transport voucher to be redeemed when she returned for screening. She was called a day before her clinic day as a reminder. If she missed her scheduled clinic day, a study team member attempted to call her and reschedule an appointment for the next study clinic, also within the POD-7-13 screening window. Women who missed two appointments were considered lost to follow-up, and excluded from the analysis.
The GP first administered a ten-question screening protocol assessing: increased pain since discharge, fever since discharge, erythema, oedema, induration, dehiscence, drainage from the wound, drainage with discolouration, drainage with a foul odour and drainage of pus (purulent discharge). The GP then conducted a physical examination. The diagnosis of SSI was based on the physical examination.
Evaluation of risk factors
Based on previous literature and the researchers' knowledge of the Rwandan healthcare system, demographic and clinical variables were identified that could be potential predictors of SSI. One set of variables of interest, both for predelivery and postdischarge risks, were related to the costs and time required for travel: travel time from home to health centre, travel time from health centre to hospital, cost of transport, and total time spent getting to the hospital. For women with missing travel data, the researchers imputed values based on data from participants from the same village. If there were no other participants from the same village, the imputed value was the mean of values from participants from the same cell, that is the next administrative level, typically a cluster of between four and 19 villages. Cost of transport and monthly income were analysed *With percentages in parentheses unless indicated otherwise; †values are median (i.q.r.). ‡Patients could use more than one form of transport. §Patients for whom interval between discharge from hospital and surgical-site infection screening clinic day was rainy period.
based on a value of up to or greater than €1⋅1 per day (US $1⋅3), which is the poverty line cut-off in purchasing power parity per day 27 . The time taken and cost of transport were self-reported by the patient. The cost of transport was calculated using an exchange rate of 1 euro to 887⋅7 Rwandan francs, the mean exchange rate during the study interval according to the Rwandan national central bank. 
Statistical analysis
Fisher's exact test (categorical variables) or Wilcoxon rank-sum test (continuous variables) was used to assess the relationship between co-variables and the presence of an SSI. Variables that were significant at α = 0⋅2 in the bivariable analyses were considered for the multivariable logistic regression model. For variables with more than 10 per cent missing data, an explicit missing category was created for the multivariable modelling. A reduced multivariable logistic regression model was built using backward stepwise selection, stopping when all remaining co-variables were significant at the α = 0⋅05 level. Odds ratios, 95 per cent confidence intervals and P values were reported for the multivariable analysis. All analyses were completed in Stata ® version 13 (StataCorp, College Station, Texas, USA).
Results
Of the 729 women who had an LSCS at KDH during the study, 620 (85⋅0 per cent) were eligible for follow-up. Of these, 550 (88⋅7 per cent) were screened by a GP for SSI, 16 (2⋅9 per cent) were still in hospital on POD 10 and 534 (97⋅1 per cent) returned for follow-up. The majority (316, 57⋅5 per cent) were between 22 and 30 years old, were married (237, 43⋅1 per cent), had primary education (382, 69⋅5 per cent) and were farmers (478, 86⋅9) ( Table 1) . Most women had community-based health insurance (523, 95⋅1 per cent) and a monthly household income of less than €33⋅8 (508, 92⋅4 per cent). Of the 390 women (70⋅9 per cent) with bodyweight documented, 359 (92⋅1 per cent) weighed between 50 and 75 kg. Most women (282, 76⋅8 per cent) used public transport to reach a health centre and an ambulance (256, 69⋅8 per cent) to move from there to the hospital. The median time taken to travel from home to the health centre was 30 (i.q.r. 20-50) min and that from the health centre to the hospital was 45 (20-60) min. The median total time from home to hospital, including time receiving care at the health centre, waiting for transport to the hospital and waiting to be admitted to the hospital, was 6⋅3 (2⋅5-18⋅0) h. The median total amount spent to reach KDH was €3⋅4 (i.q.r. 1⋅9-4⋅6), 10 per cent of the mean monthly household income. This included a median of €1⋅3 (0⋅6-2⋅3) spent to reach the health centre and €1⋅9 (0⋅6-2⋅7) to travel from there to the hospital.
Co-morbidities, including cardiovascular disease, diabetes mellitus and human immunodeficiency virus/ acquired immune deficiency syndrome, were rare (13, 2⋅4 per cent) ( Table S1 , supporting information). Nearly half of the LSCSs (270, 49⋅1 per cent) had an urgent indication and 260 (47⋅3 per cent) were emergencies, with fetal distress accounting for 31⋅3 per cent. Two antiseptic solutions were used for skin preparation in 97⋅6 per cent of procedures (536 of 549). The majority of LSCSs (388 of 539, 72⋅0 per cent) took 45 min or less. Two-thirds of patients (367, 66⋅7 per cent) received preoperative antibiotics and 532 (96⋅7 per cent) received at least one dose of postoperative antibiotic.
The prevalence of SSI on POD 10 was 10⋅9 per cent (60 women) ( Table 2; Table S2 , supporting information); of these, only two (3 per cent) were identified before discharge from hospital, and 75 per cent were superficial SSIs. In the bivariable analysis, the following factors were associated with SSI, significant at the α = 0⋅2 level: women who were living with a partner or separated/widowed (P = 0⋅177), occupation housewife rather than farmer (P = 0⋅127), monthly income less than €33⋅8 per month (P = 0⋅184), weighing more than 75 kg (P = 0⋅011), long travel time Values in parentheses are 95 per cent confidence intervals. The logistic multivariable regression model was built using backward stepwise selection, stopping when all remaining co-variables were significant at the α = 0⋅05 level.
to reach the nearest health centre (P = 0⋅156), transport cost to health centre greater than €1⋅1 (P = 0⋅039), cord and membrane complication (P = 0⋅188), skin preparation with a single solution (P = 0⋅161), and duration of surgery greater than 45 min (P = 0⋅157). Neither preoperative nor postoperative antibiotic therapies were associated with the development of SSI.
In the multivariable regression analysis, weighing more than 75 kg, spending more than €1⋅1 travelling to the health centre, occupation housewife rather than farmer, and use of a single antiseptic were independently associated with SSI ( Table 3) .
Discussion
This study estimated the prevalence and risk factors for SSI among women who had LSCS in a rural district hospital in the region. This study population's characteristics of being poor, with low levels of education, and long travel distances to reach a health centre or hospital reflect the characteristics of Kirehe District and much of rural East Africa. The SSI rate was 10⋅9 per cent, which is consistent with reports from other countries in sub-Saharan Africa, although notably these earlier estimates were based largely on studies in tertiary and/or urban facilities 10 -13,16,17,28 . The prevalence was higher than the average of 7⋅1 per cent in developed countries 16, 29, 30 .
Some individual risks for SSIs were identified. First, consistent with the literature 15, 31 , women who weighed more were more likely to develop an SSI. Second, it was found that women whose skin was prepared with two antiseptic solutions (10 per cent chlorhexidine followed by 10 per cent povidone-iodine in accordance with hospital protocol) were less likely to develop an SSI. The rare instances (2⋅4 per cent) where a single antiseptic solution was used were likely due to lack of stock or variation in GP practice.
Two interesting findings of this study were the increased risk of SSI in women who spent more money to access the health centre, and for housewives compared with farmers. Postoperative follow-up, including wound dressing changes, occurs mostly at health centres. This care is a burden for the majority of this study population as the median time to travel to the health centre is 30 min and the median cost of transport to the HC is 4-10 per cent of monthly income. Women with high transport costs and housewives may have the least disposable income, and may not be able to return to the health centre for regular dressing changes. Other studies 19, 32, 33 support this hypothesis and have shown that transportation costs are common barriers to surgical care in LMICs; vouchers covering transport costs increased access to maternal health services 34 . It is possible that financial barriers may also be associated with loss to follow-up, and so there may be a higher SSI rate among women who did not attend follow-up in this study.
This study did not show any association between SSI development and administration of preoperative or postoperative antibiotic therapy. The recent WHO guidelines (2016) 35 recommend administration of antibiotic prophylaxis at least 120 min before surgical incision and no administration of postoperative antibiotics. In the present study, 66⋅7 per cent of women received preoperative prophylaxis, and nearly all had an extended course of postoperative antibiotics. Overuse of antibiotics risks antimicrobial resistance in this population, particularly of Gram-negative strains 36 . A systematic review 37 showed high levels of antimicrobial resistance across a variety of populations in sub-Saharan Africa.
Previous studies 16, 29, 30, 38, 39 have discussed other factors that could be linked to an increased risk of SSI development, such as poor operating room infrastructure, poor adherence to operating room guidelines including hand-washing techniques, inadequate hygiene and sanitation at the hospital and at home, and inadequate quality and quantity of staffing. The present study did not have data to compare from this population. In addition, the impact of water quality, sanitation and hygiene conditions both in the patient's home and at health facilities could affect infection control. Another limitation of this study was missing data, particularly those extracted from clinical charts. Because height was often not recorded, the researchers were unable to calculate BMI. Instead, they used weight categories as a proxy estimation of overweight versus normal weight. The study also missed patients who returned to health facilities before their scheduled follow-up. Finally, KDH receives significant support from PIH/IMB, which may limit the generalizability of these findings. This included the presence of an obstetrician/gynaecologist for 5 months of the study; however, secondary analysis found no significant difference in SSIs or other complications during and after the time the surgeon was present in the hospital, indicating minimal confounding.
